4 Nat‘mna.‘ Advisory Committee

b‘s for heronautics . ' - AD = ffiﬁhﬁ??{ﬁ:!—
oronastics e e~ asﬂms

~ .

PR 22 1935
g 5 /%4/

)
]‘ MO e tET T

TECHENICAL XOTES

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Noe 526 ' -

et o e

-

SPINNING CHARACTERISTICS OF WINGS
II -~ RECTANGULAR CLARK Y BIPLANE CELLULE: 25 PERCENT
STAGGER; 0° DECALAGE; GAP/CHORD 1,0

By i, J. Bamber
TLangley Memorial Aeronautical Laboratory

lz"‘l"-.,.' na« Jr’r’"‘d'l '.9 _ - _..__.'.'.._ .

f:" Fasg af the | angtny
i T if‘irfr!l -‘--r

TR {__a}

ey, cee e el

N

Washington -
' April 1935 o h



cal Lib v -

e T

—

¥ATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

et e et P s s

TECHNICAL NOTE NO. 526

e e e et et e

SPINNING CEARACTERISTICS OF WINGS
II - RECTANGULAR CLARK Y BIPLANE CELLULE: 25 PERCENT
STA3GER; 0° DECALAGE; GAP/CHORD 1.0

By M. J. Bamber
SUMMARY

Thig report is the second of a series in a wiad-tun-
nel investigation planned to determine the serodynamic
characteristics of airplane wings in spinning attitudes.
The first report covers the aerodynamic characteristics
of a rectangular Clark ¥ monoplane wing; this report
gives the aerodynamic characteristics of a rectargular
Clark Y biplane cellule with equal upper and lower wings,
gap equal to the chord, no decalage, and 25 percent stag-
gers The tests were made with the spinning balance in
the NeA.C.A, 5~foot vertical tunnel,

The results are given in coefficient form with re-
spect to the body axes. An analysis of the data was made
and a discussion of the results based on the analysis is
given to ald in predicting the spluning characteristics
of alrplanes having this wing arrangement.

The analysis indicates that a conventional airplane
using this wing combination will, in general, spin with
inward sideslip; it will attain equilibrium in a steady
spin from 30° to 70° angle of attack if the yawing-moment
coefficient produced by interference and parts of the
airplane other than the wingse is smell, about 0.0l oppoe-
ing the spin; it willl not spin if the yawing-moment coef-
ficient is greater than 0.025 opposing the spin; and it
is less likely to spinm if it is statically unstadle in
vaw (body axis) in spinning attitudes,
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INTRODUGTION

General methods of thedretical analysis of airplane
spinning characteristlics have been available for.sqme
time., Some of these methods of analysis might be used by
designers to predict. the spinning .characteristics of pro~
pbded airplane designs if the necesgssary aerodynamic data
were known. :

To provide thege data, the N.A.C.A. 1s conducting in-
vestligations, using the spinning balance, toc determine the
aerodynamic forces and moments on airplane models, and on
the various parts of airplane models, in spinning atti-
tudes. The present investigation, to determine the spin~
ning characteristics of wings, is planned to include vari~
ations in alrfoil sections, plan forms, and tip shapes of
mohoplane wings and variations in stagger. gap, and decalagse
for biplane cellules, The first. series of tegts, made on
a rectangular Clark Y monoplane wing, are .reported in ref-
erence 1, That report alse gives an analysis of the data
for predicting the probable effects of various important
parameters on the spin for normal airplanes using such.a
wing. .

The present report . ls the second of the series. It
glves the aesrodynamic characteristics of a rectangular
Clark ¥ biplane cellule in spinning attitudes and in- -
cludeg a discussioh of the datuw, using the method of anal~-
yois given in referernce 1.

. ARPPARATUS AND MODELS

" Thée tests were made on the spinning balance in the
NHsA.CoAe 5~foot vertical wind tunnel, The tunnel is de-—
scribed in reference 2 and the balance, which measured
2ll six components of the force and moment, is described
in reference 3.

The biplane cellule had gimilar upper and lower
Clark Y wings with 25-percent stagger, 0° decalage, and a
gap/chord ratio of 1.0. These wings were of laminated ma-
hogany and were rectangular in plan form with 5~inch
chords and 30-inch spans. hey vere rigldly fastensd to-
gether with struts and braces of 3/32~inch steel rod.
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Figure 1 is a sketch of the model showing fthe locations
of the airfoils, the bracing, and the ball~clamp attach-
ment for ths spinning balance.

TESTS

In order to cover the probable spinning range, tests
were made at approximately 30°, &40°, 50°, 60°, and 70° an~
gles of attack, At each angle of attack tests were made
with eideslips of approximately 10°, 5°, 0°, -5, and ~10°..
At each angle of sideslip and at each angle of attack
tests were made with values of I/2¥ of 0.25, 0,50, 0.75,
and 1.00. The angles of attack and sideslip were meas~
ured in the plane of symmetry at the quarter—chord point
of the upper wing. The gquarter—chord point of the upper
wing was also the center of rotation for all tests. The
stops used in setting the model gave angles of attack and
sideslip slightly different from those desired. The ex-~
act angles tested were measured and the dats converted to
the even angles. Because of the variations in the balance
readings-each test condition was repeated five times to
insure consistent results.

The tunnel air speed was 75 feet per second for tests
with g% = 0.25 and 0,50, =2nd it was 65 and 48.8 for 2=
0.75 and 1.00, respectively. The Reynolds Numbers of the
tests were about 196,000 for the highest air speed and
138,000 for the lowest air speed. Previous tests (referw

ence 3) showed no appreciable change in scale effee¢t for
this range.,

RESULTS AND DISCUSSION

The dats were converted to coefficient form by the
following relations:

X LT ’ 7
] o= =, = —- = — . e -
X qs Oy qs %z qS .
= D — M - N_
o abs ®m = 3vs Cn 3b5
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The forces and moments used to obfain the coefficients wore
averages of those from the five téste. All coefficients
are standard W.A.C.A. coefficients excepting Cm» Which

is based on the span of the wing instead of the chord, and
which may be converted to the standard coeffilclent by mule
tiplying it by 6. All coefficients are glven wlth the con-
ventional sign for right spins. .

‘The data and attitudes are given for the guarter~
chord -point of the upper wing at zero radius. The coeffim-
clents in body axes may be converied to any other polnt )
of “rotation in the plane of symmetry by the following ro-
lationse The converted coefficients are marked with a
subseript. :

v \* 7 - (¥ S
— Z ¥
&, = [0 + 3 CY.'J({,“\
1
z x Vi 2
Op, = [0y + 2 0x = E 0y] <v—:>
=2
_and Cpn, =-[Cy =~ % Cy) (%ﬁi

where x is the distance forward (positive) of the new
center of rotation from the guarter~chord of
the upper wing. :

%z, the distance of the new center of rotation be—~
low (positive) the quarter—-chord of the upper

wing.,
b, the span of the wing.

v N T
nL/ua

v v v v

it S 2zq

7 = c¢cos & cos B + N

Zxr zzp Qb
gin B + (ZV
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gL = sin o cos P - %%%. %%
' % = cog @ cos B P
-y
é = cos B sin &
thus o, = tan © ?%
5; = gin”? ;T

The data in coefficient form are plotted against angle
of attack in the ground system of axes for ithe longitudinal
force COxf in figure 2 and all coefficlents are given in

the body system of axes in figures 3 to 8. Sample curves
of the moment coefficionts plotted against angle of side~

.slip and 23 in body axes are given in figurocs 9 to 1ll.

.The spread of the test data indicated that the results
are correct to within the following limits: .

CX: +0.,01 c'(,; :E0.00Z
Cy, *0.01 © Cpo +0.005
GZ. *0004. CnQ :bOUOOB

¥o corrections have been made for the effects of the
tunnel, scale, interference of the balance, or of the
struts and bracing system,.

The data for Cxyn are glven for the ground system

of axes (fig. 2) because these values have been used in
the analysis. In order to avoid confusion, the following
discussion will be coanfined to the data in the body sys-
tem of axes.

The values of Cx, longltudinal-force coefficient
(fig. 3), are small and usually negative.
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The values of Oy, - lateral-force coefficient (£ig. 4),

are small and generally posgltive with negatlvo (outward)
sideslip and negative with positlive sideslip. The wvalues
of Oy increasc with (b/2V  and with angle of attack, o

The values of Oy, mnormal-~force coefficient (fig. 5),
are large and negative and thoy increase in the negative
senso with Ob/27Y and with angle of attack up to ahout
50°, Tno angle of attack of maximum negative wvaluocs of
C, docrecasos with increasing values of (I/2V. The

changes in Cy with sldeslip are somewhat irregular and
depend upon the value of b/27V.

The rolling-moment coefficient C; (fig. 6) increases

with angle of attack from a negative value at small angles
of attack to a positive value at large angles except for
smgll values of lezv, where the rate of change ls small,
At low values of (b/2V, C7 has a larger positive valuo

with negative (outward) sideslip thaon it does with posi-~

tive sideslip; whereas, at the larger values of b/2V,

the change in (7} with sideslip becomes smaller and ir-

regular. . . ‘

The pitching-moment coefficient €, (fig. 7) gener-
ally increases in tho negative sensoc with angle of attack
and with {(b/27. The changes in Op with sideslip are ST
irroegular. . .

The vawing-moment coefficient €, (fig. 8) is small

and, in goneral, decreases with the angle of attack. The
changes with Qb/zv and sideslip are small and irregular,

ANALYSIS

An analysis of the data was made to show the effects
of certain parameters on the steady spinaing charactoris—~
tics of an airplane using this type of binlane cellule,
The method of analysis with the assunptlons and errors in-
volved is given in reference l.

Paraneters.~ Because tLe wing loading, aspect ratilo,
radii of gyration, pitchiag moments, and 1ift coefficients
are mostly dependent .upon the characteristics of the par-
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ticular airplane, values of these variables covering the
range for normal airplaneg have been used in the analysis.
A mean of these values was chosen which gave the follow—
ing parameters.

Relative density of airplane to alr, p =5
i

Pitching-moment inertla parameter, —(————3 = 80
ky - ky

Rolling-moment and yawing-moment inertia parameter,

ky® - ky°
—“g—— 3 = 1.0
ky - kx

Siope of pitching-moment curve, Op = =0.0020 (0~20°)

Lift coofficlent, OCp = Cxi (Cxit from test data)

BEach of the parameters was varied, one at a tims,
from the mean value while keeping all of the others at the

mean value, The values of the parameters used are:

L =-2,5, 5.0, 7,5, and 10.0

2
—2 = 50, 80, 100, and 120
kzz had kYa
2 = = C.5, 1.0, 1,5, and 2.0
K, - kg

Cp = =0.0010 (a - 20°), -0.0015 (a - 20°), -0.0020
(¢ - 20°), -0.0025 (a - 20°), and =0.0030
(a - 200)

Cp = 0.8 Cxw, Cx#t, and 1,2 Cx®

The variations in y include the range of wing load—
ings of conventional airplanes., The value of [ = 2.5
corregponds to an airplane having a wing loading of &

pounds per square foot and a span of 31.2 feet, and u = 10
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corresponds to a wing loading of 20 with a span of 26.1
feets; bvoth wvalues arc for standard atmospheric conditions
atsea level, ' ' ' ' )

The variations in

1 -
Lo .b.A.

the range given in reference 4 for 11 airplanes. These

paramneters may be written as
respectively, where

A mkxz, the moment of inertia about axlsg.

B kaE, the moment of inertia about the Y axils.

c mkzg,‘ the moment of inertila about the Z axis.

Digcussion of recsults of analysis.~ Figures 12 and
13 are sample plots used for obtaining the balance of

aerodynamic and gyroscopic rolling moments for various an=
gles of sideslip and yawiliag moment with angle of attack.

Because of the large values of outward sideslip re-
quired for balance at 60° and 70° angles of attack, ex-
trapolation of data beyond the range of B = 10° was necw~
essary for most cases. These extrapolated values for a
balance of rolling moments, exccopt for a few cascs, prob-—
ably give a reasonable indication of the sideslip neces-
sary to Justify their use. Much extrapolation for the
values of Cp does not appear to be reasonable so the

valueg are not given for some conditions,

The angles of sideslip required for a balance of
pitching moments and rolling. moments are plotted against
the variations in the paraneters in figures 14 to 18.

The yawing momeants required by the parts of the airplane
other than the wings and incertia are plotted against vari-
atlons in the parameters in figurcs 19 to 23.

The sideslip required for balance in a steady spin is
always positive {inward) and in only two cases 1s it less
than 5° The changes in sidoslip with anglec of attack are
large. IUsually thess changes are comparatively small be-
low 50Y angle of attack but above this roint the sideslip
increases rapidly reacnlng a2 maximum above 60° angle of
attack and usuallv below 70°
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> - The required amonnt of sideslip generally decreases
with increasing 8lope of the pitching-moment curve (fig.
14), The variation of sideslip with changes in the density
of the airplane (fig. 15) are large for most angles of ate
tack and the variatlons with angle of attack are large for
lightly loaded airplanes. The changes in sideslip pro-
duced’ by variations in the 1ift coefficient are small for
a given angle of attack (fig 16). In general, the side-=
slip increases with the inertia pitching—~moment parameter
2 - -
= h~. =~ (fig. 17) but the rate of change is small and
Ez - kg ) B

irregular. The sideslip decreases with an increase in the
rolling~moment anéd yawing-moment inertis parameter

r—.z - &k '(rE

f———=r (fig. 18) and the changes are large for the
- I

Z =X - —

1igher angles of attack.

An analysis was made with the data converted to the
guarter~chord point midway between the wings of the bi=

. plane, ' The aralfsws showed that the sideslip required was
gonerally aboun 20 less than it was for the orlginal datas
In other details the variations were gquifte similar. The

- .results are not given. because of the extrapolation re-

guircd to obtain the data

The yawlng-moment coefficient Cpn Tegunired by the
parts of the airplane other than ths wings is negative
and, for a steady spin, requires a yawing moment opposing
the spin except for a single case where it 1is positive,
but smalls The changes in (n rTeguired with the various
parameters are too small to be of much importance excepi

ky? - ko .
for the inertia parameter —~S5————"35 and the density

paramever |i.

The yawing-moment coefficient required is about
~0.,005 for the lowest relative density used (fig. 20) and
it increases somewhat for the higher densities. The value

of Cn decreases from about zero for the lowest value of

. ko
—Z—————K— to about ~0,02 for the highest value (fig. 23),
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The analysis with the data converted to the gquarter-
chord point midway bDeitween the wings of the biplane showed
the same gcneral characteristlcs and usually slightly
larger values of =~C, than weore obtained for the original
da‘ba.

The prediction of the possibility of an airplane's
spinning or the probadility of its attaining a dangerous
spin is dependent, wsing the foregoing analysis, upon tine
aerodynamic yawing-moment characteristics of the parts of
the airplane other than the wings anmd of the interference
effectse

The serodynamic yawing moments produced by ths fuse-
lage and landing gear depend upon their shape and digtri-
bution of area. Sone results odbtained by thse British for
fuselages are reported in refercnces 5 and 6. The HM.A,C.A,
is conducting an investigation with pressure distribution
on the fuselage and tail surface of an XI2¥-1 airplane im
flight and the results are to be published later. The
yawing moments produced by tie empeannage depend upon its
distance from the conter of gravity; upon the areas, the
shapc, and the location of the vertical and the horizon-
tal surfaces with respect to each other as well as to the-
fuselage; =nd uvpon the linitg of ths contrcl movemenis and
thelr attitude with respect to the velative wind. The ef-
fects of some of these variables have been investigated
and are reportcd in references 5 to 10.

T
da

The gecmetry of the spin indicates that the greater
the sideslip in the outward scnse and/or tho higher %he
rate of rotation, the more effective the vertical tail
surfaces will be for prodvcing yawing moments opposing
the spin. Another Tactor that wust be considered is the
static stadility of the airplane in yaw (oody axes) in
the particular attitude in guestion. If the airplanc is
statically stable, outward sideslip will give an incre~
ment of yawing momeant opposing the spin and if it is stat-
ically unstadle, inward sideslip will give an increment
of yawing moment opposing the spin., In other words, an
alrplane that has fin area ahead of the center of gravity
is less likely to attain a dangerous spin if the sidoslip
is inward than if the sideslip is outward.

Since the analysis shows that an airplane with this
wing arrangement will probably always spin with inward
sideslip, the wvertical tail surfaces will be at a disade
vantage for producing yawing moments opposing the spin
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especially at the higher angles of attack, where 3 1is
large and the agirplane ig lilkely to spin flat. In order
to increase the yawing moments oppoOsing the spin from the
fin and rudder as well as from stability, if the alrplane
is statically stable in yaw, any change in the parameiers
that will reduce £ will be beneficial. The analysis
shows that B will be reduced especially at the higher

ko® -~ ko
angles of attack by increasing =0y, W, and —F——"g 7
: ) By - kx
b° : - -
and by reducing 5T . The yawing-moment coeffi-
k" —- kv
L A
cieants produced by the wings, however, show increasing
values alding the spin, with increasing values of ~C,
ky® - kv ' -
(fig. 19), and ~—~ZF——= > (fig. 23). The resulting ef-
kz - kx -

fects, on the spin, of changing either or both of these
two parameters will depend upon their relative importance
for the particular airplane. < — T

It is apparent that to predict the spinning charac~—
teristics of a particular airplane, the aerodynamie char—
acteristics must be better known than they are at present.
These results, however, indicate some interesting facts
about the spinning characteristics of normal airplanes
using this wing arrangement. These facts may be stated
as follows: (1) The airplane will normally spin with in-
ward sideslip. (2) Yawing-moment coefficients, about -0.02
or less, opposing the spin will be reguired %o make the
airplane balance in a steady spin from 30° to 70° angle of
attacks, (3) Yawing-moment coefficients opposing the spin
slightly greater than the mazximum required for a balance,
in any particular case, will prevent the steady spin. A
maximun value of —0.025 shouwld be sufficient to prevent
the steady spin for all normal conditions. (4) Some parais
eters give opposing results and the prediction will depend
upon the relative importance of the variables.

COHCLUSIOX¥S

Provided that ths added arbitrary counstants to the
rolling-moment and yawing-~moment coefficients are of the
right order of magnitude, the following conclusions are
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indicated Dby the analysis presented for a conventional bi-
plane with rectangular Clark Y wings heving 25 percont
stagger., gap equal to the chord, and zero decalea:;c.

le The valune of the yawing-monment coecfficicent re-
gquired from the fuselage, tall, and interference effects
for steady spinning equilibrium is smell and nearly always
negative (opposing the spin) throughout the angle-cf-attack
range investigated. It appears thaet the spianirg avtitude
of the airplane will depend mostly mpon details of arrange-
ment of the fuselage and tail. .

2e The maximum yawing-monment cosfficient that must
be supplied by all parts of the airplane other than the
wings to 1insure recovery from steady spinning equilibrium
is ©Cp = ~0.025,

3¢ Decreasing the static stability in yaw when feasiw
ble (making more positive the slope of curve of yawing mo~
ment against sideslip, e.ge., adding fin area ahead of the
csZe) about body axes at spinning angles of attack de-
creases the possibility of attaining egquilibrium of yawing
moments and hence tends to prevent the spin.

. Langley HMemorial Aeronautical Laboratory,
National Advisocory Committee for Aeronautics,
Langley Field, Vae, March 16, 1935.
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